Abstract: Sedentary behavior, a low physical activity level, and unhealthy dietary patterns are risk factors for major chronic diseases, including obesity. The aim of this study was to assess the associations of dietary patterns (DPs) with sedentary behaviors (SB) and self
Introduction
Sedentary behavior and a low physical activity level are risk factors for major chronic diseases such as obesity and type 2 diabetes, cardiometabolic risk, and mortality [1] [2] [3] [4] . In contrast, regular physical activity and fitness has been shown to improve health and decrease the risk of chronic payout form, in which they gave their name, PESEL, and address of check-in. Only people aged 21-65 qualified for the study.
After sending an invitation to participate in the LifeStyle Study, 6910 people clicked on the link, thus expressing their willingness to participate in the survey. Quota selection using gender, age, place of residence, and region was used to ensure the representativeness of the Polish population. During the recruitment for the study, five people did not meet the panel criteria (age above 65), 144 people stopped filling out the questionnaire during the interview, and 5746 people did not qualify due to filling the quota, while eight people were removed from the database at the collection control stage due to very short time of completing the questionnaire and the same answers to all questions on the frequency of eating. As a result, the study consisted of 1007 participants. The computer-assisted web interviewing (CAWI) technique was used to collect all data.
Eating Habits
The Beliefs and Eating Habits Questionnaire (KomPAN) developed and validated by the Commission of Behavioral Determinants of Nutrition from the Polish Academy of Sciences (Warsaw, Poland) [50] was used to assess the frequency of the consumption of selected food groups, including: whole meal bread; whole meal pasta and groats; fermented milk drinks; cheeses (including melted cheese, blue cheese); cured meats and sausages; red meat; white meat; fried foods; fruits; vegetables; vegetable juices; fruit juices; fizzy drinks; meals or snacks such as burgers, pizza, chicken, and fries; sweets and cakes; and crisps and other salty snacks. All participants were asked to record their habitual intake frequency for each food group within the last year according to the following categories:
1-never; 2-less often than once a month; 3-from one to three times a month; 4-once a week; 5-several times a week; 6-once a day; 7-several times a day.
Physical Activity and Sedentary Behaviors
Self-reported physical activity was recorded in the questionnaire on a scale ranging from 1-'low' and 2-'moderate' to 3 -'high'. The description of the scale was presented separately for the physical activity in leisure and work/school time. For leisure time, 'low' means 'sedentary lifestyle, watching TV, reading the press, books, light housework, taking a walk for 1-2 h a week'; 'moderate'-'walks, cycling, gymnastics, gardening or other light physical activity performed for 2-3 h a week '; and 'high'-'cycling, running, working on a plot or garden, and other sports activities requiring physical effort, taking up more than 3 h a week'. 'Low' activity at work/school time was described as 'over 70% of the time in a sitting position', 'moderate' as 'approximately 50% of the time in a sitting position and about 50% of time moving', and 'high' as 'about 70% of the time in motion or doing physical work associated with a lot of effort' [50] . Sedentary behaviors included reading books and newspapers, watching TV, and using the computer. Frequency of watching TV and reading books and newspapers was recorded using seven-point scales ranging from 1-never, 2-less than once a month, 3-one to three times a month, 4-once a week, 5-two to six times/week, and 6-once a day to 7-more than once a day. Using the computer was recorded on a six-point scale ranging from 1-never, 2-less than 1 h a day, 3-from 1 till almost 2 h a day, 4-from 2 till almost 4 h a day, and 5-from 4 till almost 6 h a day to 6-more than 6 h a day.
Socio-Demographic Variables
The questionnaire also collected information about sociodemographic characteristics of the sample: gender, age, education, and place of residence. Body Mass Index (BMI) was calculated using self-reported weight and height and categorized according to International Obesity Task Force (IOTF) standards [51] .
Statistical Analysis
A principal components factor analysis (PCA) was conducted to derive dietary patterns based on the frequency of eating of sixteen food groups. The factors were rotated by an orthogonal (Varimax) transformation. The number of factors was based on the following criteria: components with an eigenvalue of 1, a scree plot test, and the interpretability of the factors. The eigenvalues signify the amount of variance explained by each of the factors. Food items were considered to load on a factor if they had an absolute correlation of 0.5 with it. The factorability of data was confirmed with the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity achieving statistical significance. The KMO value was 0.781, which attests the correct choice of analysis and the number of factors. Bartlett's test had a significance of p < 0.0001 [52] . Five dietary patterns (factors) were derived: 'Fruit & vegetables' (comprising fruits and vegetables), 'Wholemeal food' (comprising wholemeal pasta, groats, and wholemeal bread), 'Fast foods & sweets' (comprising crisps and other salty snacks; meals or snacks such as burgers, pizza, chicken, and fries; sweets and cakes; and fizzy drinks), 'Fruit & vegetable juices' (comprising vegetable juices and fruit juices), and 'Meat & meat products' (comprising red meat, white meat, cured meats and sausages, and fried foods), accounting for 66.2% of total variance.
Based on the tertiles distribution, participants were divided into three categories within each pattern (bottom, middle, or upper tertile). The upper tertile (T3) represents the greatest adherence and the bottom tertile (T1) represents the lowest adherence to the DPs.
Logistic regression analysis was used to verify associations between variables describing physical activity and sedentary behaviors (independent variables), and DPs (dependent variables). The variables describing physical activity were as follows: moderate or high physical activity at work; moderate or high physical activity at leisure time; watching TV at least once a day, using the computer at least four hours a day; and reading books/newspapers at least once a day.
Odds ratios (ORs) represented the chances of adherence to the upper tertiles of each DP. The reference groups (OR = 1.00) were those that represented the bottom tertile of each DP. Wald's test was used to assess the significance of ORs. Tests of a linear trend across increasing tertiles of DPs adherence (for ORs) were calculated for physical activity. P-value ≤ 0.05 was considered as significant for all tests. All analyses were carried out by applying sample weights to adjust for non-response and missing data. All analyses were performed using SAS 9.4. Software (SAS Institute Inc., Cary, NC, USA).
Results

Sample Characteristics
The sample consisted of 1007 participants (529 women and 478 men) aged 21 to 65 years. Table 1 displays the socio-demographic characteristics of the study sample. Table 2 illustrates the correlations between the frequency of eating of particular food groups and each of the five DPs. The mean standardized values in individual tertiles are significantly different within DPs (Table 3) . 
Dietary Patterns
Physical Activity and Sedentary Behaviors
Almost 70% of the respondents watched TV at least once a day. Among them, 7.9% declared watching TV for less than one hour per day, 34.4%-from 1 to almost 2 h, 36.6%-from 2 to 4 h, 14.6%-from 4 to almost 6 h, and 6.5% watched TV for more than six hours per day. About 2/3 of the sample informed about moderate or high activity in leisure time, while such activity was indicated by less than 50% of respondents during work or school days. Slightly more than 2/5 of respondents used the computer every day for at least 4 h a day. Significantly more men than women were characterized by performing such activity. About 2/5 of respondents reported daily reading of books and newspapers, with significantly more women than men reporting such activity ( Figure 1 ).
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Gender correlated negatively with reading books/newspapers and using the computer. Watching TV correlated positively with reading books/newspapers and using the computer, and negatively with physical activity during leisure time. Using the computer correlated negatively with physical activity at work/school and during leisure time. The positive correlation between physical activity at work/school and during leisure time was one of the strongest (r = 0.364).
Dietary Patterns Versus Physical Activity
The results have demonstrated that people who consumed fruit and vegetables juices most often (the upper tertile of F&VJ) were more likely to display moderate or high physical activity at work/school. Also, people in the upper tertile of the 'Wholemeal food' pattern were more likely to exhibit moderate and high activity at work/school. However, those who ate fruit and vegetables most often (the upper tertile of F&V) were less likely to display moderate or high physical activity at work/school (Table 5) . The correlations between self-reported physical activity, sedentary behaviors, and gender ranged from 0.106 to 0.396 (Pearson's correlation coefficient) for significant positive correlations and from 0.081 to -0.154 for significant negative correlations (Table 4) . Gender correlated negatively with reading books/newspapers and using the computer. Watching TV correlated positively with reading books/newspapers and using the computer, and negatively with physical activity during leisure time. Using the computer correlated negatively with physical activity at work/school and during leisure time. The positive correlation between physical activity at work/school and during leisure time was one of the strongest (r = 0.364).
The results have demonstrated that people who consumed fruit and vegetables juices most often (the upper tertile of F&VJ) were more likely to display moderate or high physical activity at work/school. Also, people in the upper tertile of the 'Wholemeal food' pattern were more likely to exhibit moderate and high activity at work/school. However, those who ate fruit and vegetables most often (the upper tertile of F&V) were less likely to display moderate or high physical activity at work/school (Table 5) .
Both women and men were more likely to exhibit moderate or high activity during work/school time in the upper tertile of the 'Fruit & vegetable juices' pattern. Only men who ate wholemeal food most often (the upper tertile of WF) were more likely to display at least moderate physical activity (Tables 6 and 7) .
Respondents in the upper tertiles of the 'Wholemeal food' and 'Fruit & vegetable juices' pattern were more likely to display moderate or high physical activity in leisure time. Both women and men in the upper tertiles of these DPs were more likely to display at least moderate physical activity in leisure time. In both dietary patterns, men were more likely to display moderate or high physical activity in leisure time (Tables 6 and 7 ).
In the upper tertile of the 'Fast food & sweets' pattern, people were less likely to read books/newspapers at least once a day. The chances of such activity decreased by 50% amongst women in the upper tertile of this pattern. There was no significant association observed in the group of men. Respondents who most often consumed fruit and vegetables (the upper tertile of F&V), wholemeal food (the upper teritile of WF), and fruit and vegetable juices (the upper tertile of F&VJ) were more likely to read books/newspapers at least once a day. Both women and men were more likely to read books/newspapers at least once a day if they were in the upper tertiles of the F&V and WF patterns. Only women who consumed fruit and vegetable juices most often (the upper tertile of F&VJ) were more likely to read books/newspapers at least once a day.
People in the upper tertiles of the 'Meat & meat products' and the 'Fruit & vegetable' pattern were more likely to watch TV at least once a day. Both men and women were more likely to watch TV at least once a day in the upper tertile of M&MP. In men, watching TV at least once a day was 2.5 times more likely in the upper tertile of the 'Fruit & vegetable' pattern, while amongst women, there were no significant differences.
People in the upper tertile of the 'Wholemeal food' pattern were less likely to use the computer at least four hours a day. For women, using the computer at least four hours a day was less likely in the upper tertile of this pattern, while in the group of men, there were no significant differences (Tables 5-7) . 
Discussion
The frequent occurrence of sedentary behaviors is usually accompanied by lower physical activity, which is confirmed by both the direct measurement with the use of accelerometers [53, 54] and the self-reported data [55] . In our study, weak negative associations were found between watching TV and using the computer, and self-reported physical activity, both during work/school and leisure time. Some previous studies have shown that the correlations between watching television and different physical activity domains (leisure, occupational, and total) were non-significant [1, 37, 56] . Similarly to other studies [53, 57] , we have found that moderate and high physical activity was related to a lower incidence of sedentary behaviors. However, we did not find any association between reading books/newspapers and self-reported physical activity. As in other studies, a positive association was found between watching TV and using the computer. Increasing the time spent in front of the TV and computer is a symptom of the lifestyle of a part of the Polish population. On the one hand, there is a growing group of people engaging in physical activity, while on the other hand, there are people with low physical activity who revealed many sedentary behaviors [58] .
Watching TV and using the computer not only reduces energy expenditure, but can also lead to increasing the amount of food consumed, as demonstrated especially in the case of television. Spending time in front of the TV has been shown to coincide with additional calories intake during viewing [21] [22] [23] . While watching TV, one is exposed to an increasing number of advertisements for food high in fat, sugar, and salt [24, 25] , which is conducive to its consumption. Several studies have documented the increased intake of snack foods and energy, especially among adolescents who are more involved in watching TV [21, 22, 26, 27] . In our study, there was no relation between watching television and the 'Fast food & sweets' pattern. Moreover, being in the upper tertile of this DP decreased the chance of reading books/newspapers at least once a day. These findings suggest that particular sedentary behaviors can be associated with specific eating behaviors.
Sedentary behaviors expend very little energy and similarly to low physical activity, were found to be associated with the consumption of unhealthy foods, especially in youth [10, 21, 26, 27, 59, 60] . However, in our study, sedentary behaviors of adults (watching TV, using the computer, reading books or magazines) were found to be associated with the consumption of both unhealthy and healthy foods.
Representing unhealthy DP ('Meat & meat products') significantly increased the chance of watching TV at least once a day. Unlike in other studies [27] , our study did not show an association between watching TV and 'Fast food & sweets' pattern. The lack of association between the consumption of certain food products and watching television in the countries of Central and Eastern Europe was also demonstrated in an earlier study [61] . In the Polish population, there is a high consumption of sweets regardless of the circumstances of their eating [62] , which may explain the lack of association between watching TV and eating sweets.
Findings that confirmed an association between unhealthy dietary patterns and sedentary behaviors may help explain, at least in part, the relationship between sedentary behaviors and body-weight gain during adulthood [30, 63, 64] . A positive relationship between the 'Meat & meat products' pattern and TV viewing may seem unhelpful in explaining the increase in overweight and obese people. However, this pattern largely reflects the features of the traditional diet in Poland, named by Wadolowska et al. [45] as 'traditional Polish', which is characterized by large proportions of meat and a high caloric value.
In our study, healthy DPs were more likely to coincide with behaviors such as watching TV and reading books/newspapers. The chances of watching TV at least once a day significantly increased in the upper tertile of the 'Fruit & vegetable' pattern. In the study of Charreire et al. [37] , an association between the 'healthy food' pattern and watching TV was not observed. The observed association between watching TV and reduced likelihood of regularly consuming fruit and vegetables [61] could be a part of a less healthy lifestyle or possibly a result of the replacement of fruit and vegetables by other foods advertised on TV more frequently. Although in Poland, the advertising of sweets and snacks is common in mass media, no negative association has been observed in our study. Therefore, the reason for the positive association between television viewing and the consumption of fruit and vegetables is not related to the emission of advertising, but probably results from the promotion of a more healthy lifestyle on TV. Higher chances of reading books/newspapers at least once a day were found in the upper tertiles of the healthy DPs (F&V, WF, and F&VJ). This sedentary behavior does not increase the energy expenditure, but it can be a source of knowledge about healthy eating behaviors.
Belonging to the upper tertiles of healthy DPs was associated with higher physical activity, with the exception of the 'Fruit & vegetable' pattern. People in the upper tertile of F&V were less likely to report moderate or high activity during work/school time. The latter result was not confirmed in other studies, which only demonstrated positive associations between the 'healthy food' patterns and leisure-time physical activity [65, 66] . In adults, a high level of leisure time physical activity was found to be associated with a high consumption of healthy foods such as fruits (in men) and vegetables (both in men and women) [37] . Positive associations between leisure-time physical activity and intakes of specific macronutrients or healthy food groups have also been reported [38, [67] [68] [69] [70] . The Multiethnic Cohort Study found that physical activity (three times/week) was positively associated with the vegetable and fruit and milk patterns [71] . Similarly to Park et al. [71] , we did not find any significant associations between self-reported physical activity and unhealthy DPs. By contrast, in the middle-aged French population, a negative association between an 'Alcohol and meat' pattern and physical activity was found [36] .
Similarly to other studies [4, 37, [72] [73] [74] , our results have demonstrated that associations between DPs and sedentary behaviors differed within gender. Women in the upper tertile of the 'Wholemeal food' pattern were less likely to use the computer for at least four hours a day. Women in the upper tertile of the 'Fruit and vegetables juices' pattern were more likely to read books/newspapers at least once a day, while the chances of reading were reduced in the upper tertile of the 'Fast food & sweets' pattern. Similar associations were not observed within men. Both women and men were more likely to read books/newspapers when they represented the 'Wholemeal food' pattern, as well as the 'Fruit & vegetable' pattern. The EPIC-Potsdam study found that physical activity level was positively associated with the 'Fruit and vegetable' dietary pattern in men and was negatively associated with the 'Bread and sausage' pattern in women [72] . In men, the 'Alcohol/meat' pattern was negatively associated with leisure-time physical activity and was not associated with occupational physical activity [37] . Fung et al. [17] also reported that a dietary pattern characterized by higher intakes of red meat, high-fat dairy products, beer, and liquor ('Western pattern') in men was associated with less leisure-time physical activity. We did not find any significant association between the 'Meat & meat products' pattern and self-reported physical activity, also among men. Nevertheless, in the upper tertile of this pattern, men were more likely to watch TV at least once a day.
In our study, sedentary behaviors were found to be associated with both unhealthy and healthy dietary patterns. This may be explained using models describing the determinants of behaviors change. Healthy lifestyles emphasize that an individual's behavior is conducted to minimize health problems and to maximize their own well-being [75] . Individuals who engage in a healthy lifestyle change their behaviors in different ways, e.g., by increasing their intake of vegetables and fruits, their physical activity, sleeping time etc. Due to the Transtheoretical Model, at the given time, the change may be in one of five stages (precontemplation, contemplation, preparation, action, and maintenance) [76] . Moreover, changes in each of the spheres of life (diet, sleep, and physical activity) can occur at different times and with varying intensity, which may explain the simultaneous occurrence of healthy dietary habits and low physical activity or the inverse relationship. The occurrence of 'healthy vs unhealthy' dietary behaviors together with sedentary behaviors can also be explained on the ground of the Health Belief Model. This model suggests that beliefs about health problems, perceived benefits of action and barriers to action, and self-efficacy explain people's engagement in health-promoting behavior [76] . These factors can condition the changes of behaviors to a different extent. Moreover, in the socioecological model, one may find other reasons behind healthy vs unhealthy behaviors within an individual's lifestyle. This model accounts for multiple factors (intrapersonal factors, interpersonal processes and primary groups, institutional or organizational factors, community factors, and public policies) that can influence the behavior change process in a different way [77] . Similarly, in the Social Cognitive Theory, it is indicated that personal, environmental, and behavioral factors have an influence on an individual's ability to control lifestyle modification [78, 79] . Thus, lifestyle being a dynamic process, one can observe the coexistence of healthy and unhealthy behaviors due to the existence of different stages in behavior change and many factors interacting with varying strength.
The observed links between both healthy as well as unhealthy DPs and some sedentary behaviors are of great importance for public health in Poland. In particular, the co-existence of healthy DPs and sedentary behaviors should be focused on when new pro-health initiatives are developed, e.g., the promotion of reading and healthy snacking. The strength of our results is that they are based on a relatively large representative sample of the Polish population. Nevertheless, the findings have some limitations. One of them relates to the potential biases that may occur when self-reported data is analyzed. The use of the questionnaire is also limited due to the overestimation of some foods' consumption when FFQs is used. We have chosen FFQ because we aimed to see predominantly 'healthy' and 'unhealthy' dietary patterns, rather than an exact amount of foods. Moreover, the ideal measurements of physical activity would be a direct measure recorded by an accelerometer [80] . However, it was not logistically and economically possible in this study, taking into account the number of respondents. Although our findings should not be generalized to the population with different cultural backgrounds, our study provides an interesting insight into dietary patterns and their association with sedentary behaviors and the self-assessment of physical activity. The results can be used in the preparation of interventions targeted at health-related changes in lifestyle.
Conclusions
The study revealed the coexistence of the associations between both healthy as well as unhealthy dietary patterns and some sedentary behaviors. Frequent consumption of fruits and vegetables was conducive to watching TV and reading books/newspapers at least once a day. However, there was no such association in the case of the frequent consumption of fast foods, so newspapers and books cannot be recommended as carriers of educational messages encouraging to change such behaviors. The 'Meat & meat products' pattern, which best reflects the characteristics of the traditional Polish diet, coexists with greater chances of watching television frequently. This denotes the overlapping of negative lifestyle effects on the development of overweight and obesity.
Healthy DPs were more likely to coexist with self-reported moderate and high physical activity during work/school and leisure time, with the exception of the 'Fruit & vegetables' pattern, whereas significant associations were not demonstrated for unhealthy DPs. On one hand, this does not equate to the overlapping of negative consequences of unhealthy eating behavior and low physical activity, but on the other hand, association between the 'Meat & meat products' pattern and watching TV indicates the need to introduce changes not only in eating behaviors, but also in regard to sedentary behaviors. 
